Strains Used in this Study, Related to Methods and Resources Table S2 A. Growth of a RAD52-GFP strain in the presence of hydroxyurea (HU). The tagged query strain (BY4879), an isogenic wild-type (BY4394), and a rad52Δ strain (Yeast Deletion Collection) were grown to log phase, serially diluted and spotted onto SC medium (untreated) or SC medium containing 100mM HU. B. A quantitative fitness assessment of all viable deletion mutants carrying fluorescent markers on the SGA output arrays. Colony sizes of GFP-and RFP-tagged deletion mutants were quantified as a proxy of cellular fitness, and compared to previously scored single mutant fitness values (Baryshnikova et al. 2010) . Blue nodes represent tagged single mutant strains that grew comparably to the untagged mutants. Yellow nodes highlight the 100 fluorescently tagged mutants with the most significant fitness defects; green x-nodes indicate genes that are part of the RAD52 or HTA2 linkage groups, and red +-nodes indicate strains whose growth defects that can be explained by a known GI with RAD52 or HTA2 are indicated with red crosses (4 and 2 mutants, respectively). C. Receiver operating characteristic (ROC) curve (solid line) illustrating the performance of Rad52 focus classifier compared to random classification (dashed line A. Summary of the BioGRID-curated genetic and physical interactions between SGS1 and genes identified in our screens of the non-essential deletion collection for elevated levels of foci. 70% (31/44) of the hits detected physically and/or genetically interact with SGS1. Insets list genes that have elevated levels of Rad52-GFP foci as identified in sgs1Δ screens that fall into each interaction category. B. Double mutants identified in sgs1Δ double mutant screens of the non-essential deletion collection were grown in the presence of hydroxyurea (HU) or methyl methanesulfonate (MMS). The 14 (of 44 tested) strains that were more sensitive to HU or MMS in an sgs1 background are summarized in this diagram. C. The indicated strains were grown to log phase, serially diluted, and spotted onto SC medium (untreated), SC medium +100mM HU, and SC medium +0.01% MMS. Growth of an sgs1Δ strain, a vid22Δ strain, an asf1Δ strain, a sac3Δ strain, and all three sgs1Δ double mutant strains is shown. and an xrs2Δ mutant transformed with the MoBY-XRS2 plasmid (bottom). Green channel images (Rad52-GFP) and red channel images (Hta2-mCherry) are shown, with cells outlined in white dashed lines. E. Scatter plot mapping of the distribution of Fisher's scores of non-essential single mutant hits. The majority (77/124 tested = 62%) of non-essential single mutant hits were confirmed in at least one secondary assay (red = identified exclusively in primary screen; green = identified in both primary and secondary screen; blue = rescued by gene complementation). F. Fisher's Score analysis of four reconstructed mutants predicted to be false negatives in the sgs1Δ screens (rnh201Δ sgs1Δ, BY5781; mms4Δ sgs1Δ, BY5782; rlf2Δ sgs1Δ, BY5783; rad54Δ sgs1Δ, BY5784; green) plotted with corresponding single mutants (blue) and a wild-type control strain (red). A. A direct comparison between the common non-essential single mutants tested in this study and a previous screen that assessed elevated levels of Rad52-YFP foci (Alvaro et al 2007) . Mutants identified uniquely in either screen or in both screens are indicated by brackets. Reasons for a failure to detect hits identified in Alvaro et al., 2007 in our screens are highlighted with brackets where applicable. Many hits identified in the parallel screen performed by Alvaro et al were close to the cutoff used in our dataset, but were deemed not statistically reliable enough for inclusion in the high confidence hit list (indicated using non-circular node shapes; shape of node corresponds to a range of Fisher's scores as described in the legend above the network). Nodes are color-coded by biological process (legend at top of figure) . B. Pearson correlation analysis between foci phenotype score (Fisher's Score) and physiological and evolutionary properties of yeast was measured for each screen condition (SM = yellow, SM + Phleo = blue, sgs1Δ = red, yku80Δ = green).
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Wild-type A. Representative images of half sectored colonies in which an ADE2 mutation was integrated at the rDNA locus in wild-type, vid22Δ, sgs1Δ, and vid22Δ sgs1Δ cell populations, as indicated. White arrowheads indicate half sectored colonies from each mutant population. B. Quantification of ADE2 marker loss at the rDNA array via colony half sectoring in vid22Δ (BY5482), sgs1Δ (BY5483), and vid22Δ sgs1Δ (BY5484) cell populations as compared to wild-type cells (BY5481), as well as in vid22Δ sgs1Δ cell populations as compared to either vid22Δ or sgs1Δ cells (wild-type = green, vid22Δ = blue, sgs1Δ = yellow, vid22Δsgs1Δ = red, * = p-value <0.05, ** = p-value < 0.01, N = 3). Error bars represent the standard deviation between three replicate experiments. C. Southern blot analysis of ERCs in BamHI digested genomic DNA from wild-type, rrm3Δ, vid22Δ, sgs1Δ
and vid22Δ B. Control strain: contains an HO cut site integrated at the 3' end of the MAT locus but does not carry a galactose-inducible HO endonuclease (Y14307, Y14318). C. NHEJ-specific strain: contains an HO cut site integrated at the 3' end of the MAT locus and a galactoseinducible HO endonuclease integrated on chromosome seven. Repair via recombination is abrogated due to the deletion of homologous HML and HMR loci (Y14309, Y14221, Y14330, Y14346). D. Intra-chromosomal recombination-specific strain: contains an HO cut site integrated at the 3' end of the MAT locus and a galactose-inducible HO endonuclease integrated on chromosome seven. The HMR locus has been deleted, but the HML locus remains and provides a template for recombination (Y14220, Y14327). E. SSA-specific strain: contains an HO cut site integrated in the middle of the LEU2 locus on chromosome three and a galactose-inducible HO endonuclease integrated on chromosome seven. A 1.3kb fragment containing the 3' end of the LEU2 locus has been integrated 30kb distal to the endogenous locus, and is represented as -U2 (Y14223, Y14334). F. Inter-chromosomal recombination-specific strain: contains an HO cut site integrated at the 3' end of the MAT locus and a galactose-inducible HO endonuclease integrated on chromosome seven. Although both the HML and HMR loci have been deleted, a secondary MAT locus with a disrupted HO cut site that cannot be cleaved has been integrated on chromosome five, providing a template for repair (Y14308, Y14222, Y14332, Y14338). G. BIR-specific strain: contains an HO cut site integrated in the middle of the CAN1 locus on chromosome five, and the sequence proximal to the cut site has been replaced with a hygromycin B phosphotransferase (HPH) resistance cassette; the remaining sequence is represented as CA-. The latter portion of the CAN1 sequence, which shares 1157-bp homology and is represented as -AN1, has been integrated on chromosome eleven. A galactose-inducible HO endonuclease is integrated on chromosome seven. Strain numbers for control strains in the wild-type background are given (Y14310, Y14380). 
